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Abstract
Purpose  To investigate the relationship between interstitial lung abnormalities (ILAs) and mortality in patients with esopha-
geal cancer and the cause of mortality.
Materials and methods  This retrospective study investigated patients with esophageal cancer from January 2011 to December 
2015. ILAs were visually scored on baseline CT using a 3-point scale (0 = non-ILA, 1 = indeterminate for ILA, and 2 = ILA). 
ILAs were classified into subcategories of non-subpleural, subpleural non-fibrotic, and subpleural fibrotic. Five-year overall 
survival (OS) was compared between patients with and without ILAs using the multivariable Cox proportional hazards model. 
Subgroup analyses were performed based on cancer stage and ILA subcategories. The prevalences of treatment complications 
and death due to esophageal cancer and pneumonia/respiratory failure were analyzed using Fisher’s exact test.
Results  A total of 478 patients with esophageal cancer (age, 66.8 years ± 8.6 [standard deviation]; 64 women) were evalu-
ated in this study. Among them, 267 patients showed no ILAs, 125 patients were indeterminate for ILAs, and 86 patients 
showed ILAs. ILAs were a significant factor for shorter OS (hazard ratio [HR] = 1.68, 95% confidence interval [CI] 1.10–2.55, 
P = 0.016) in the multivariable Cox proportional hazards model adjusting for age, sex, smoking history, clinical stage, and his-
tology. On subgroup analysis using patients with clinical stage IVB, the presence of ILAs was a significant factor (HR = 3.78, 
95% CI 1.67–8.54, P = 0.001). Subpleural fibrotic ILAs were significantly associated with shorter OS (HR = 2.22, 95% CI 
1.25–3.93, P = 0.006). There was no significant difference in treatment complications. Patients with ILAs showed a higher 
prevalence of death due to pneumonia/respiratory failure than those without ILAs (non-ILA, 2/95 [2%]; ILA, 5/39 [13%]; 
P = 0.022). The prevalence of death due to esophageal cancer was similar in patients with and without ILA (non-ILA, 82/95 
[86%]; ILA 32/39 [82%]; P = 0.596).
Conclusion  ILAs were significantly associated with shorter survival in patients with esophageal cancer.

Keywords  Chest · Esophageal cancer · Computed tomography · X-ray · Interstitial lung disease · Interstitial lung 
abnormalities

Introduction

Interstitial lung abnormalities (ILAs) are defined as inci-
dental radiologic patterns in the lungs on computed tomog-
raphy (CT) including subtle interstitial findings [1]. ILAs 
do not necessarily represent a distinct disease, but many 
previous studies have shown the potential clinical signifi-
cance of ILAs; ILAs often show imaging progression and 
are associated with increased respiratory symptoms, reduc-
tions of lung volume, exercise capacity, and gas exchange, 

and a greater risk of all-cause mortality [1–9]. Interstitial 
lung diseases are often irreversible [10, 11] and ILAs are 
considered as early or mild forms of ILD. In addition, many 
studies have investigated the association between ILAs and 
lung cancer with respect to cancer incidence [12–14], sur-
vival [12, 14–17], and treatment complications [18–23].

Esophageal cancer is the 8th most common cancer 
worldwide and one of the most aggressive gastrointestinal 
cancers [24–30]. The primary histological type of esopha-
geal carcinoma in Asia is squamous cell carcinoma (SCC), 
and tobacco smoking is one of the major risk factors for 
development of esophageal cancer, and especially of SCC. 
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It has been reported that smoking is also a risk factor for 
the presence of ILAs [4, 6, 7, 14]. In addition, patients with 
esophageal cancer receive a multidisciplinary approach to 
treatment, including surgery, chemotherapy, and radiation 
therapy, and these treatment options can cause complications 
[31]. Therefore, we hypothesized that patients with esopha-
geal cancer are likely to present with ILAs, and ILAs may 
affect the clinical course of esophageal cancer.

Tseng et  al. [32] investigated ILAs in patients with 
locally advanced esophageal cancer (N = 208), and they 
reported that there was no significant association between 
ILAs and mortality. However, most patients in their cohort 
were White and had adenocarcinoma. In addition, there has 
been no study that investigated esophageal cancer patients 
considering clinical stage and included patients with 
metastatic stage. The purpose of this study was to investigate 
the association between ILAs and mortality in patients with 
esophageal cancer including advanced stage. In addition, 
cause of mortality and factors that affected the difference in 
the prognosis between patients with and without ILAs were 
investigated.

Patients and methods

Patients

This study was approved by the institutional review board 
of our hospital (Osaka University Hospital) and written 
informed consent was waived due to its retrospective nature. 
All methods were carried out in accordance with relevant 
guidelines and regulations.

We checked consecutive patients from January 2011 to 
December 2015 in our picture archiving and communication 
system. The inclusion criterion was patients who underwent 
CT scans following a protocol for baseline assessment of 
esophageal tumors. The exclusion criteria were as follows: 
no esophageal malignancy; histology was not SCC or adeno-
carcinoma; the identified CT was performed after treatment 
and CT before treatment was not available; the patient trans-
ferred to another hospital without treatment in our hospital 
and survival data were not available; stage 0 only with endo-
scopic treatment; and patients with known interstitial lung 
diseases at the time of esophageal cancer diagnosis. A total 
of 478 patients were included in this study. Patient selection 
is summarized in Fig. 1 and the supplementary document.

CT image acquisition and evaluation for ILA

The majority of patients (455/478) underwent CT scan using 
the protocol for baseline evaluation of esophageal cancer 
and thin slice images (0.5- or 0.625-mm thickness) were 

obtained. The other patients and detailed image reconstruc-
tion settings are described in the supplementary document.

Two chest radiologists (T.M. and A.H.), with 10 and 
11 years of experience, respectively, independently inter-
preted CT images of each subject without knowledge of the 
patients’ status. Each CT scan was scored using a 3-point 
scale: 0, no ILA; 1, indeterminate for ILA; and 2, ILA 
(Fig. 2) [3]. ILAs were defined as radiologic patterns of 
increased lung density including non-dependent ground-glass 
or reticular abnormalities, non-emphysematous cysts, honey-
combing, and traction bronchiectasis affecting more than 5% 
of any lung zone [1]. Aspiration pneumonia, suggested by 
nodularity or the tree-in-bud sign with a lobar or segmental 
distribution and with or without central plugging of airways, 
was excluded from ILA. The patients with apparent aspira-
tion pneumonia with above typical findings were classified 
as non-ILA (score 0), and indeterminate patients were clas-
sified as indeterminate for ILA (score 1). The patients with 
interstitial findings in areas other than those of aspiration 
were classified as having ILAs (score 2). In the cases with a 
discrepancy between the two readers, a third chest radiolo-
gist with 20 years of experience (M.Y.) independently scored 
the cases with no knowledge of the patient’s status. When 
two of the three interpreters gave the same score, that score 
was used. Cases in which all three radiologists gave different 
scores were considered indeterminate (score 1).

In the patients with ILAs, subtypes were evaluated: non-
subpleural, subpleural non-fibrotic, and subpleural fibrotic [1]. 
The same two readers, with 10 and 11 years of experience, 

Fig. 1   Flowchart of patient selection
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respectively, independently interpreted the images again and 
assessed whether the ILAs were subpleural predominant or 
not. In the cases with subpleural predominance, they assessed 
whether the ILAs were accompanied by fibrotic findings 
(presence of architectural distortion with traction bronchi-
ectasis or honeycombing). In the cases with a discrepancy 
between the two readers, the third reader with 20 years of 
experience made the final judgement regarding subpleural 
predominance and fibrosis.

Causes of death and treatment complications

To evaluate the factors associated with worse mortality, 
the causes of death and treatment complications were 
investigated. In this investigation, death was considered 
to be due to original cancer progression, pneumonia and 
respiratory failure not in the end stage of the original cancer, 
or pulmonary complications during treatment. In the patients 
who underwent surgery, postoperative complications 
with Clavien-Dindo Classification grade II or more that 
occurred during hospitalization or readmission for 60 days 
postoperatively were identified. Pulmonary postoperative 
complications were counted separately (supplementary 
document). Furthermore, drug-related pneumonitis and 
radiation pneumonitis were investigated in the patients 
treated without surgery (supplementary document). In 
addition, the use of immune checkpoint inhibitor (ICI) was 
investigated.

Statistical analysis

Interobserver agreement of ILA scoring between the first 
and second readers was assessed with a weighted kappa 
coefficient (κw), using the following categorization for 
kappa: poor (0 < κw ≤ 0.20), fair (0.20 < κw ≤ 0.40), moder-
ate (0.40 < κ ≤ 0.60), good (0.60 < κw ≤ 0.80), and excellent 
(0.80 < κw ≤ 1.00) [33].

Demographic characteristics, including age, sex, body 
mass index [BMI], smoking status (never, former, and 
current), pack-years of cigarette smoking, cancer clinical 
stage (the eighth edition of the American Joint Committee 
on Cancer staging system), and surgery were collected from 
the electronic medical record system. These demographics 
were compared between the groups without and with ILA 
(scores 0 and 2). The group indeterminate for ILA was not 
included in the statistical analysis to simplify the results 
according to the previous studies [9, 14, 34]. Emphysema 
quantification on CT was obtained in the groups without 
and with ILA to adjust the influence of emphysema in the 
multivariable prognosis analysis (supplementary document). 
Age and BMI were expressed as mean ± standard deviation 
and compared using t test; %emphysema was expressed 
as median (interquartile range) and compared using 
Mann–Whitney U test; categorical variables are expressed 
as n (%) and were compared by Fisher’s exact test.

Five-year disease-free survival (DFS) and overall 
survival (OS) were evaluated using the Kaplan–Meier 
method. DFS was evaluated only in the patients who 
underwent surgery. Univariable and multivariable Cox 
proportional hazards model analyses were performed to 
estimate hazard ratios (HRs). For OS, subgroup analyses 
were performed in patients with stage I–III, those with stage 
IVA, and those with stage IVB. Furthermore, additional 
analysis of subcategories (non-ILA vs. non-subpleural and 
subpleural non-fibrotic ILAs vs. subpleural fibrotic ILA) was 
performed.

The prevalences of the causes of death and treatment 
complications were compared between the groups with and 
without ILAs by Fisher’s exact test.

All statistical analyses were performed using R version 
4.0.0 software (R Foundation for Statistical Computing, 
Vienna, Austria). All P-values were two-sided, and P-values 
less than 0.05 were considered significant.

Fig. 2   Examples of ILAs. A Non-ILA. A 63-year-old man. CT shows 
no interstitial lung findings. B Indeterminate for ILAs. A 71-year-old 
man. CT shows subtle reticular abnormality (arrow), but the lesion 

area is limited. C ILA. A 64-year-old man. CT shows ground-glass 
and irregular linear abnormalities in the subpleural areas of the bilat-
eral lungs (arrows). ILA interstitial lung abnormality
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Results

Demographic characteristics and interobserver 
agreement

The demographic characteristics of the patients are sum-
marized in Table 1. Of the 478 patients, ILAs were absent 
in 267 (56%), indeterminate in 125 (26%), and present in 86 
(18%). The interobserver agreement for ILA scoring was 
good (κw = 0.62). ILA patients were classified into three 
subtypes: non-subpleural (n = 21, 24%), subpleural non-
fibrotic (n = 32, 37%), and subpleural fibrotic (n = 33, 38%). 

Of the 478 patients, 360 patients (75%) underwent surgery, 
and 206 patients (43%) died within 5 years.

Compared with the non-ILA group, the ILA group was 
older (non-ILA, 64.1 ± 8.6; ILA, 71.9 ± 6.3; P < 0.001), 
had higher BMI (non-ILA, 20.6 ± 3.0; ILA, 21.6 ± 3.5; 
P = 0.008), and included more men (non-ILA, 227/267 
[85%]; ILA, 81/86 [94%]; P = 0.026). There was a signifi-
cant difference in smoking status and %emphysema between 
the two groups (smoking status, P = 0.017; %emphysema, 
P = 0.009), but no significant difference in pack-years (non-
ILA, 33.2 ± 30.6; ILA, 36.2 ± 38.1; P = 0.506). There were 
no significant differences in cancer stage (P = 0.995) or sur-
gery (P = 0.202).

Table 1   Patients’ demographic 
characteristics

Patients indeterminate for ILA were excluded from statistical analysis. Age and BMI were expressed as 
mean ± standard deviation and compared using t test; %emphysema was expressed as median (interquartile 
range) and compared using Mann–Whitney U test; categorical variables were expressed as n (%) and 
compared by Fisher’s exact test. The percentage of the postoperative complication is calculated in the 
patients with surgery
ILA interstitial lung abnormality, BMI body mass index, SCC squamous cell carcinoma
*P values < 0.05 was considered statistically significant

All (n = 478) Non-ILA (n = 267) ILA (n = 86) P values

Age (years) 66.8 ± 8.6 64.1 ± 8.6 71.9 ± 6.3  < 0.001*
Sex
 Women 64 (13%) 40 (15%) 5 (6%) 0.026*
 Men 414 (87%) 227 (85%) 81 (94%)

BMI 21.2 ± 3.3 20.6 ± 3.0 21.6 ± 3.5 0.008*
Smoking history
 Never 97 (21%) 46 (17%) 23 (27%) 0.017*
 Former 207 (44%) 116 (44%) 42 (49%)
 Current 168 (36%) 104 (39%) 20 (24%)
 Missing 6 1 1
 Pack-year 32.7 ± 30.6 33.2 ± 30.6 36.2 ± 38.1 0.506

Histology
 SCC 458 (96%) 255 (96%) 83 (97%) 1.000
 Adenocarcinoma 20 (4%) 12 (4%) 3 (3%)

Clinical stage
 I 65 (14%) 40 (15%) 12 (14%) 0.995
 II 112 (23%) 57 (21%) 20 (23%)
 III 119 (25%) 66 (25%) 22 (26%)
 IVA 76 (16%) 48 (18%) 15 (17%)
 IVB 106 (22%) 56 (21%) 17 (20%)

Death in 5 years 206 (43%) 103 (39%) 41 (48%) 0.165
Surgery 360 (75%) 203 (76%) 59 (69%) 0.202
Postoperative complication
 All 158 (44%) 81 (40%) 30 (51%) 0.178
 Pulmonary 102 (28%) 50 (25%) 21 (36%) 0.134

% emphysema (%) 0.1 (0.0–0.8) 0.1 (0.0–0.5) 0.3 (0.1–1.2) 0.009*
ILA subtype
 Non-subpleural 21 (24%)
 Subpleural non-fibrotic 32 (37%)
 Subpleural fibrotic 33 (38%)
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Survival

The Kaplan–Meier curves for DFS and OS are shown in 
Figs. 3 and 4, and the results of the Cox proportional hazards 
models are summarized in Table 2. In the Cox proportional 
hazards models, ILA was not a significant factor for worse 
DFS compared with non-ILA in the univariable analysis 
(HR = 1.06 [95% CI 0.69–1.63], P = 0.795) and the multi-
variable analysis (HR = 1.25 [95% CI 0.78–2.01], P = 0.359) 
adjusting for age, sex, smoking history, clinical stage, and 
histology. Median follow-up period for DFS was 1196 days.

In terms of OS, though the presence of ILAs was not 
a significant factor for worse survival in the univariable 
analysis (HR = 1.43 [95% CI 0.99–2.05], P = 0.054), it 
was significant in the multivariable analysis (HR = 1.68 
[95% CI 1.10–2.55], P = 0.016) adjusting for age, sex, 
smoking history, clinical stage, and histology. Median 
follow-up period for OS was 1111 days. In the subgroup 
multivariable analysis using the patients with stage IVB, 
the presence of ILAs was a significant factor (HR = 3.78, 
[95% CI 1.67–8.54]; P = 0.001). On the other hand, in the 
patients with stage I–III and IVA, the presence of ILAs was 
not a significant factor for shorter OS (stage I–III: HR = 1.19 
[95% CI 0.65–2.19]; P = 0.572; stage IVA: HR = 2.31 [95% 
CI 0.90–5.94]; P = 0.083).

In the multivariable analysis using ILA subcatego-
ries (Table 3 and Fig. 5), subpleural fibrotic ILAs were 

significantly associated with shorter OS (HR = 2.22 [95% 
CI 1.25–3.93], P = 0.006), but non-subpleural and subpleural 
non-fibrotic ILAs were not (HR = 1.44 [95% CI 0.88–2.36], 
P = 0.146) in the patients with all stages. In the subgroup 
analysis, subpleural fibrotic ILAs were a significant factor 
for shorter OS in both the patients with stage IVA and those 
with stage IVB (stage IVA: HR = 9.41 [95% CI 2.37–37.36], 
P = 0.001; stage IVB: HR = 4.79 [95% CI 1.35–16.99], 
P = 0.015) in the multivariable analysis. Non-subpleural and 
subpleural non-fibrotic ILAs were significantly associated 
with shorter OS in the patients with stage IVB (HR = 3.54 
[95% CI 1.48–8.49], P = 0.005).

Similar results were obtained in the multivariable analysis 
adjusting for age, sex, smoking history, clinical stage, 
histology, and %emphysema (Supplementary Table A1).

Causes of death and treatment complications

The causes of death are summarized in Table 4. There was 
no significant difference in the prevalence of death due to 
the original lesion of the esophageal cancer (non-ILA, 82/95 
[86%]; ILA, 32/39 [82%]; P = 0.596). On the other hand, 
the ILA group showed more deaths due to pneumonia or 
respiratory failure (non-ILA, 2/95 [2%]; ILA, 5/39 [13%]; 
P = 0.022). No patient died due to interstitial lung diseases.

In terms of postoperative complications, the prevalence 
tended to be higher in the ILA group than in the non-ILA 
group, but the difference was not significant (all types of 
complications: non-ILA, 81/203 [40%]; ILA, 30/59 [51%]; 
P = 0.178; pulmonary complications: non-ILA, 50/203 
[25%]; ILA, 21/59 [36%]; P = 0.134).

Of the patients without surgery, there was no patient 
with drug-related pneumonitis in the first line therapy or 
radiation pneumonitis in both the groups with and without 
ILAs. Of the 478 patients, 18 patients had ICI as a treatment 
for recurrent lesions (non-ILA, 12/267 [4.5%]; indeterminate 
for ILA, 2/125 [1.6%]; ILA, 0/86 [0%]) and two non-ILA 
patients showed pneumonia/pneumonitis. It was not possible 
to determine whether the pneumonia was immune-related 
adverse events because of limited available information.

Discussion

The present results showed a significant association 
between ILAs and shorter OS in patients with esopha-
geal cancer (HR = 1.68 [95% CI 1.10–2.55], P = 0.016), 
especially in stage IVB (HR = 3.78, [95% CI 1.67–8.54]; 
P = 0.001). The prevalence of death due to pneumonia/
respiratory failure was higher in the ILA group (non-
ILA, 2/95 [2%]; ILA, 5/39 [13%]; P = 0.022). There was 
no significant difference in postoperative complications 
between the groups with and without ILAs. Drug-related 

Fig. 3   Kaplan–Meier curves for DFS by the presence of ILAs. Non-
ILA: DFS events, 89/209 (43%); median DFS (days) NR (95% CI 
1318–NR). ILA: DFS events, 27/59 (46%); median DFS (days) NR 
(95% CI 601–NR). DFS disease-free survival, ILA interstitial lung 
abnormality, NR not reached, 95% CI 95% confidence interval
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pneumonitis in the first line therapy and radiation pneu-
monitis were not observed in the patients without surgery.

Tseng et al. [32] evaluated locally advanced esophageal 
cancer and reported that there was no association between 

ILAs and worse mortality. Compared with their study, the 
present study included metastatic patients (stage IVB). In 
addition, all patients were Asian, and most patients had SCC 
in the present study, whereas most patients were White and 

Fig. 4   Kaplan–Meier curves for OS by the presence of ILAs. A 
Patients in all stages. Non-ILA: OS events, 103/267 (39%); median 
OS (days) NR (95% CI 1684–NR). ILA: OS events, 41/86 (48%); 
median OS (days) 1601 (95% CI 693–NR). B Patients with stage I, 
II and III. Non-ILA: OS events, 50/163 (31%); median OS (days) NR 
(95% CI NR–NR). ILA: OS events, 17/54 (31%); median OS (days) 
NR (95% CI 1601–NR). C Patients with stage IVA. Non-ILA: OS 

events, 21/48 (44%); median OS (days) NR (95% CI 706–NR). ILA: 
OS events, 8/15 (53%); median OS (days) NR (95% CI 287–NR). D 
Patients with stage IVB. Non-ILA: OS events, 32/56 (57%); median 
OS (days) 752 (95% CI 482–1626). ILA: OS events, 16/17 (94%); 
median OS (days) 322 (95% CI 131–606). OS overall survival, ILA 
interstitial lung abnormality, NR not reached, 95% CI 95% confidence 
interval
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had adenocarcinoma in the study by Tseng et al. These dif-
ferences in the cohorts might have influenced the results.

The association between ILA and worse mortality has 
been reported in various cohorts, including a health screen-
ing cohort [35]. These studies suggest that the presence of 
ILAs affects survival even in individuals without cancer. In 
the present study, the difference in OS between the groups 
with and without ILAs was not significant in patients with 

stage I–IVA, but it was significant in patients with stage 
IVB. The present results might be caused by not only the 
general effect of ILA, but also a specific effect in advanced 
esophageal cancer, because patients with early stage should 
be influenced more by the general effect of ILA. However, 
it is unclear why ILAs were associated with a worse prog-
nosis in patients with stage IVB. In the analysis of causes 
of death including the patients in all stages, the prevalence 
of death due to pneumonia/respiratory failure tended to be 
higher in the ILA group than in the non-ILA group. In our 
speculation, the patients with ILAs might be vulnerable to 
pneumonia. The damage of pneumonia might be severe in 
patients with stage IVB and poor general condition. In addi-
tion, chemoradiotherapy in patients with stage IVB might 
increase the prevalence of aspiration pneumonia [36]. How-
ever, further investigation is required.

In patients in all stages, subpleural fibrotic ILAs were 
significantly associated with shorter OS, whereas non-
subpleural and subpleural non-fibrotic ILAs were not. Chae 
et al. [37] investigated patients with ILAs who underwent 
surgical lung biopsy (n = 45) and reported that subpleural 
fibrotic ILAs were associated with a higher risk of death 
than subpleural non-fibrotic ILAs (HR = 9.22 [95% CI 
1.23–1180.14]; P = 0.025). Lee et al. [35] investigated an 
Korean health-screening cohort (n = 2765) and reported 
that the presence of fibrotic ILAs was a significant factor 
for worse all-cause mortality compared with non-ILAs 
(HR = 2.5 [95% CI 1.6–3.8]; P < 0.001), but the presence 
of non-fibrotic ILAs was not (HR = 1.6 [95% CI 0.7–3.4]; 
P = 0.23). The present results showed a similar trend to these 
previous results, and fibrotic ILAs should be considered a 
significant comorbidity. However, it should be noted that, 
in the study by Lee et al. non-fibrotic ILAs were associated 
with a higher risk of mortality related to lung cancer and 

Table 2   HRs of ILAs for worse survival in the Cox proportional haz-
ard models

ILA was compared with non-ILA
HR hazard ratio, ILA interstitial lung abnormality, 95% CI 95% 
confidence interval, DFS disease free survival, OS overall survival
† Adjusting for age, sex, BMI, smoking history, clinical stage, and 
histology in the multivariable models
§ Adjusting for age, sex, BMI, smoking history, and histology in the 
multivariable models
*A p-value of < 0.05 was considered significant

Univariable models Multivariable models

HR (95% CI) P value HR (95% CI) P value

Using all stages
 DFS† 1.06 (0.69–

1.63)
0.795 1.25 (0.78–

2.01)
0.359

 OS† 1.43 (0.99–
2.05)

0.054 1.68 (1.10–
2.55)

0.016*

Subgroup analysis
 OS in stage 

I-III†
1.14 (0.66–

1.97)
0.647 1.19 (0.65–

2.19)
0.572

 OS in stage 
IVA§

1.49 (0.66–
3.38)

0.334 2.31 (0.90–
5.94)

0.083

 OS in stage 
IVB§

2.48 (1.35–
4.56)

0.003* 3.78 (1.67–
8.54)

0.001*

Table 3   HRs in subcategories 
of ILA for worse OS in the Cox 
proportional hazard models

HR hazard ratio, ILA interstitial lung abnormality, 95% CI 95% confidence interval, OS overall survival
† Adjusting for age, sex, BMI, smoking history, clinical stage, and histology in the multivariable models
§ Adjusting for age, sex, BMI, smoking history, and histology in the multivariable models
*A p-value of < 0.05 was considered significant

Univariable models Multivariable models

HR (95% CI) P value HR (95% CI) P value

Non-subpleural and subpleural non-fibrotic ILA
 OS in all stages† 1.21 (0.77–1.91) 0.399 1.44 (0.88–2.36) 0.146
 OS in stage I-III† 1.09 (0.57–2.09) 0.802 1.12 (0.56–2.25) 0.751
 OS in stage IVA§ 0.83 (0.25–2.77) 0.757 1.12 (0.31–4.09) 0.862
 OS in stage IVB§ 2.57 (1.21–5.44) 0.014* 3.54 (1.48–8.49) 0.005*

Subpleural fibrotic ILA
 OS in all stages† 1.84 (1.12–3.04) 0.017* 2.22 (1.25–3.93) 0.006*
 OS in stage I-III† 1.24 (0.53–2.90) 0.615 1.36 (0.55–3.32) 0.504
 OS in stage IVA§ 2.94 (1.09–7.91) 0.032* 9.41 (2.37–37.36) 0.001*
 OS in stage IVB§ 2.39 (1.05–5.43) 0.038* 4.79 (1.35–16.99) 0.015*
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respiratory causes (HR = 5.3 [95% CI 2.1–13.4]; P < 0.001). 
In the present study, non-subpleural and subpleural non-
fibrotic ILAs were associated with shorter OS in patients 

with stage IVB. These results suggest that non-subpleural 
and subpleural non-fibrotic ILAs may also have clinical 
impact.

Fig. 5   Kaplan–Meier curves for OS split by non-ILAs, non-sub-
pleural and subpleural non-fibrotic ILAs, and subpleural fibrotic 
ILAs. A Patients in all stages. Non-ILA: OS events, 103/267 (39%); 
median OS (days) NR (95% CI 1684–NR). Non-subpleural and sub-
pleural non-fibrotic ILA: OS events, 23/53 (43%); median OS (days) 
NR (95% CI 608–NR). Subpleural fibrotic ILA: OS events, 18/33 
(55%); median OS (days) 891 (95% CI 532–NR). B Patients with 
stage I, II and III. Non-ILA: OS events, 50/163 (31%); median OS 
(days) NR (95% CI NR–NR). Non-subpleural and subpleural non-
fibrotic ILA: OS events, 11/36 (31%); median OS (days) NR (95% CI 
1601–NR). Subpleural fibrotic ILA: OS events, 6/18 (33%); median 
OS (days) NR (95% CI 693–NR). C Patients with stage IVA. Non-

ILA: OS events, 21/48 (44%); median OS (days) NR (95% CI 706–
NR). Non-subpleural and subpleural non-fibrotic ILA: OS events, 
3/7 (43%); median OS (days) NR (95% CI 369–NR). Subpleural 
fibrotic ILA: OS events, 5/8 (63%); median OS (days) 291 (95% CI 
202–NR). D: Patients with stage IVB. Non-ILA: OS events, 32/56 
(57%); median OS (days) 752 (95% CI 482–1626). Non-subpleural 
and subpleural non-fibrotic ILA: OS events, 9/10 (90%); median OS 
(days) 305 (95% CI 54–512). Subpleural fibrotic ILA: OS events, 7/7 
(100%); median OS (days) 426 (95% CI 15–1262). OS overall sur-
vival, ILA interstitial lung abnormality, NR not reached, 95%CI 95% 
confidence interval
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Postoperative complications, especially pulmonary 
infection, are easy to occur and result in critical condition 
after esophageal cancer surgery because the thoracic wall 
including intercostal muscles and diaphragm are damaged 
[38]. In this study, there was no significant difference in 
postoperative complications. In lung cancers, Im et  al. 
[18] reported that the presence of ILAs was a significant 
predictor of postoperative pulmonary complication in 
patients older than 70 years of age with non-small cell lung 
cancer (NSCLC). They also reported that pneumonectomy 
and bilobectomy were significant risk factors compared with 
segmentectomy, wedge resection, and lobectomy. Usual 
esophageal cancer surgery does not directly invade the lungs, 
and ILA might have less impact on postoperative pulmonary 
complications than lung cancer surgery.

Considering that drug-related pneumonitis and 
radiation pneumonitis were not observed, drug-related 
pneumonitis and radiation pneumonitis had a small impact 
on the prognostic difference between the patients with and 
without ILAs in the stage IVB esophageal cancer group in 
this study. Nakanishi et al. [21] reported that ground-glass 
attenuation in ILAs was a significant risk factor for ICI-
related pneumonitis (OR = 44.0; P < 0.001) in patients with 
NSCLC treated with anti-programmed death 1 antibodies. 
In the present investigation, the most common drugs used 
for first-line treatment in the patients without surgery 
were fluorouracil, cisplatin, and docetaxel. Few patients 
had ICI therapy in this study because the study period 
predated the general use of ICI for esophageal cancer. In 
recent practice, ICI plus chemotherapy can be used in first-
line treatment for advanced esophageal cancer [39, 40]. 

The difference in the treatment strategy may result in the 
different influence of ILA on the prognosis of esophageal 
cancer.

The present study has several limitations. First, this was a 
retrospective, single-center study. Second, the evaluation of 
ILAs was based only on visual interpretation by radiologists. 
Visual assessment of ILAs has been widely performed in 
other studies [3–9], and interobserver agreement was good 
in the present study, but a quantitative approach might be 
beneficial for reproducibility [41]. Third, images in 17 
patients were not thin-section CT (slice thickness < 1.5 mm), 
which might affect the ILA scoring. Forth, the Asian 
ethnicity and the heavy male predominance of the patients 
included in this study might have impacted the results. 
Finally, there was limited sample size in the subgroup 
analysis of ILA subcategories and the analysis for cause of 
death. Especially, the observed difference in the prevalence 
of death due to pneumonia or respiratory failure between the 
ILA and non-ILA groups might be affected by confounders 
such as age.

In conclusion, ILAs were significantly associated with 
shorter OS in patients with esophageal cancer, especially in 
patients with stage IVB disease. ILAs may be an important 
prognostic factor in patients with esophageal cancer, and 
the present results suggest that patients with ILAs may need 
careful follow-up.
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Table 4   Summary of causes of death

Patients with unknown cause of death were excluded (Non-ILA, 
n = 7; ILA, n = 2). Comparisons were performed using Fisher’s Exact-
test
ILA interstitial lung abnormality
*P values < 0.05 was considered statistically significant

Non-ILA (n = 95) ILA (n = 39) P value

Original cancer 82 (86%) 32 (82%) 0.596
Pneumonia/respiratory 

failure
2 (2%) 5 (13%) 0.022*

 Aspiration pneumonia 1 (1%) 3 (8%)
 Postoperative 

pneumonia
1 (1%)

 Respiratory failure 
secondary to 
pneumothorax

1(3%)

 Respiratory failure 
secondary to asphyxia 
due to sputum

1 (3%)

Other cancer 8 (8%) 0 (0%) 0.104
Others 4 (4%) 2 (5%) 1.000

https://doi.org/10.1007/s11604-024-01563-x


	 Japanese Journal of Radiology

included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Hatabu H, Hunninghake GM, Richeldi L, Brown KK, Wells AU, 
Remy-Jardin M, et al. Interstitial lung abnormalities detected 
incidentally on CT: a position paper from the Fleischner society. 
Lancet Respir Med. 2020;8:726–37.

	 2.	 Hata A, Schiebler ML, Lynch DA, Hatabu H. Interstitial lung 
abnormalities: state of the art. Radiology. 2021;301:19–34.

	 3.	 Washko GR, Lynch DA, Matsuoka S, Ross JC, Umeoka S, Diaz 
A, et al. Identification of early interstitial lung disease in smokers 
from the COPDGene study. Acad Radiol. 2010;17:48–53.

	 4.	 Washko GR, Hunninghake GM, Fernandez IE, Nishino M, 
Okajima Y, Yamashiro T, et al. Lung volumes and emphysema 
in smokers with interstitial lung abnormalities. N Engl J Med. 
2011;364:897–906.

	 5.	 Seibold MA, Wise AL, Speer MC, Steele MP, Brown KK, Loyd 
JE, et al. A common MUC5B promoter polymorphism and pul-
monary fibrosis. N Engl J Med. 2011;364:1503–12.

	 6.	 Hunninghake GM, Hatabu H, Okajima Y, Gao W, Dupuis J, 
Latourelle JC, et al. MUC5B promoter polymorphism and inter-
stitial lung abnormalities. N Engl J Med. 2013;368:2192–200.

	 7.	 Jin GY, Lynch D, Chawla A, Garg K, Tammemagi MC, Sahin H, 
et al. Interstitial lung abnormalities in a CT lung cancer screen-
ing population: prevalence and progression rate. Radiology. 
2013;268:563–71.

	 8.	 Araki T, Putman RK, Hatabu H, Gao W, Dupuis J, Latourelle JC, 
et al. Development and progression of interstitial lung abnormali-
ties in the Framingham Heart Study. Am J Respir Crit Care Med. 
2016;194:1517–22.

	 9.	 Putman RK, Hatabu H, Araki T, Gudmundsson G, Gao W, 
Nishino M, et al. Association between interstitial lung abnormali-
ties and all-cause mortality. JAMA. 2016;315:672–81.

	10.	 Tominaga J, Bankier AA, Lee KS, Leung AN, Remy-Jardin M, 
Akira M, et al. Inter-observer agreement in identifying traction 
bronchiectasis on computed tomography: its improvement with 
the use of the additional criteria for chronic fibrosing interstitial 
pneumonia. Jpn J Radiol. 2019;37:773–80.

	11.	 Iwasawa T, Takemura T, Ogura T. Smoking-related lung abnor-
malities on computed tomography images: comparison with 
pathological findings. Jpn J Radiol. 2018;36:165–80.

	12.	 Brown SAW, Padilla M, Mhango G, Powell C, Salvatore M, Hen-
schke C, et al. Interstitial lung abnormalities and lung cancer risk 
in the national lung screening trial. Chest. 2019;156:1195–203.

	13.	 Hoyer N, Thomsen LH, Wille MMW, Wilcke T, Dirksen A, Ped-
ersen JH, et al. Increased respiratory morbidity in individuals with 
interstitial lung abnormalities. BMC Pulm Med. 2020;20:67.

	14.	 Axelsson G, Putman R, Aspelund T, Gudmundsson E, Hida 
T, Araki T, et al. The associations of interstitial lung abnor-
malities with cancer diagnoses and mortality. Eur Respir J. 
2020;56:1902154.

	15.	 Hida T, Hata A, Lu J, Valtchinov VI, Hino T, Nishino M, et al. 
Interstitial lung abnormalities in patients with stage I non-small 
cell lung cancer are associated with shorter overall survival: the 
Boston lung cancer study. Cancer Imaging. 2021;21:14.

	16.	 Araki T, Dahlberg SE, Hida T, Lydon CA, Rabin MS, Hatabu H, 
et al. Interstitial lung abnormality in stage IV non-small cell lung 

cancer: a validation study for the association with poor clinical 
outcome. Eur J Radiol Open. 2019;6:128–31.

	17.	 Iwasawa T, Okudela K, Takemura T, Fukuda T, Matsushita S, 
Baba T, et al. Computer-aided quantification of pulmonary fibrosis 
in patients with lung cancer: relationship to disease-free survival. 
Radiology. 2019;292:489–98.

	18.	 Im Y, Park HY, Shin S, Shin SH, Lee H, Ahn JH, et al. Prevalence 
of and risk factors for pulmonary complications after curative 
resection in otherwise healthy elderly patients with early stage 
lung cancer. Respir Res. 2019;20:1–9.

	19.	 Li F, Zhou Z, Wu A, Cai Y, Wu H, Chen M, et al. Preexisting 
radiological interstitial lung abnormalities are a risk factor for 
severe radiation pneumonitis in patients with small-cell lung can-
cer after thoracic radiation therapy. Radiat Oncol. 2018;13:82.

	20.	 Higo H, Kubo T, Makimoto S, Makimoto G, Ihara H, Masaoka 
Y, et al. Chemoradiotherapy for locally advanced lung cancer 
patients with interstitial lung abnormalities. Jpn J Clin Oncol. 
2019;49:458–64.

	21.	 Nakanishi Y, Masuda T, Yamaguchi K, Sakamoto S, Horimasu 
Y, Nakashima T, et al. Pre-existing interstitial lung abnormalities 
are risk factors for immune checkpoint inhibitor-induced intersti-
tial lung disease in non-small cell lung cancer. Respir Investig. 
2019;57:451–9.

	22.	 Shimoji K, Masuda T, Yamaguchi K, Sakamoto S, Horimasu Y, 
Nakashima T, et al. Association of preexisting interstitial lung 
abnormalities with immune checkpoint inhibitor-induced inter-
stitial lung disease among patients with nonlung cancers. JAMA 
Netw Open. 2020;3: e2022906.

	23.	 Shibaki R, Ozawa Y, Noguchi S, Murakami Y, Takase E, Azuma 
Y, et al. Impact of pre-existing interstitial lung abnormal shadow 
on lung injury development and severity in patients of non-
small cell lung cancer treated with osimertinib. Cancer Med. 
2022;11:3743–50.

	24.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2021;71:209–49.

	25.	 Su M, Ren X, Du D, He H, Zhang D, Xie R, et al. Curcumol 
β-cyclodextrin inclusion complex enhances radiosensitivity of 
esophageal cancer under hypoxic and normoxic condition. Jpn J 
Radiol. 2023;41:1275–89.

	26.	 Miki Y, Takahashi N, Utsunomiya S, Sasamoto R. Relationship 
between absorbed dose and changes in liver volume after chemo-
radiotherapy for esophageal cancer. Jpn J Radiol. 2023;41:561–8.

	27.	 Xu X, Wu Z, Zhang N, Guo Z. Selection of dilution material for 
non-iodinated iodine as an oral contrast agent for esophageal can-
cer: a preliminary clinical trial. Jpn J Radiol. 2022;40:1167–74.

	28.	 Kubo K, Wadasaki K, Shinozaki K. Treatment outcomes accord-
ing to the macroscopic tumor type in locally advanced esopha-
geal squamous cell carcinoma treated by chemoradiotherapy. Jpn 
J Radiol. 2019;37:341–9.

	29.	 Morimoto H, Fujiwara Y, Lee S, Amano K, Hosono M, Miki Y, 
et al. Treatment results of neoadjuvant chemoradiotherapy fol-
lowed by radical esophagectomy in patients with initially inoper-
able thoracic esophageal cancer. Jpn J Radiol. 2018;36:23–9.

	30.	 Anbai A, Koga M, Motoyama S, Jin M, Shibata H, Hashimoto M. 
Outcomes of patients with stage IVA esophageal cancer (Japanese 
classification) treated with definitive chemoradiotherapy. Jpn J 
Radiol. 2013;31:270–6.

	31.	 Watanabe M, Otake R, Kozuki R, Toihata T, Takahashi K, Oka-
mura A, et al. Correction to: recent progress in multidiscipli-
nary treatment for patients with esophageal cancer. Surg Today. 
2020;50:425.

	32.	 Tseng S-C, Hino T, Hatabu H, Park H, Sanford NN, Lin G, et al. 
Interstitial lung abnormalities in patients with locally advanced 

http://creativecommons.org/licenses/by/4.0/


Japanese Journal of Radiology	

esophageal cancer: prevalence, risk factors, and clinical implica-
tions. J Comput Assist Tomogr. 2022;46:871–7.

	33.	 Landis JR, Koch GG. The measurement of observer agreement 
for categorical data. Biometrics. 1977;33:159.

	34.	 Axelsson GT, Putman RK, Araki T, Sigurdsson S, Gudmundsson 
EF, Eiriksdottir G, et al. Interstitial lung abnormalities and self-
reported health and functional status. Thorax. 2018;73:884–6.

	35.	 Lee JE, Chae KJ, Suh YJ, Jeong WG, Lee T, Kim Y-H, et al. Prev-
alence and long-term outcomes of CT interstitial lung abnormali-
ties in a health screening cohort. Radiology. 2023;306: e221172.

	36.	 Liu M-Y, Wang C-H, Lee S-H, Chang W-C, Wu C-E, Liu H-E. 
Effectiveness of a protocol intervention for aspiration pneumonia 
prevention in patients with esophageal cancer during concurrent 
chemoradiotherapy: a randomized control trial. Cancer Nurs. 
2023. https://​doi.​org/​10.​1097/​NCC.​00000​00000​001205.

	37.	 Chae KJ, Chung MJ, Jin GY, Song YJ, An AR, Choi H, et al. 
Radiologic-pathologic correlation of interstitial lung abnor-
malities and predictors for progression and survival. Eur Radiol. 
2022;32:2713–23.

	38.	 Xu Q-L, Li H, Zhu Y-J, Xu G. The treatments and postopera-
tive complications of esophageal cancer: a review. J Cardiothorac 
Surg. 2020;15:163.

	39.	 Noori M, Mahjoubfar A, Azizi S, Fayyaz F, Rezaei N. Immune 
checkpoint inhibitors plus chemotherapy versus chemotherapy 

alone as first-line therapy for advanced gastric and esophageal 
cancers: a systematic review and meta-analysis. Int Immunophar-
macol. 2022;113:109317.

	40.	 Kojima T, Hara H, Tsuji A, Yasui H, Muro K, Satoh T, et al. First-
line pembrolizumab + chemotherapy in Japanese patients with 
advanced/metastatic esophageal cancer from KEYNOTE-590. 
Esophagus. 2022;19:683.

	41.	 Chae KJ, Lim S, Seo JB, Hwang HJ, Choi H, Lynch D, et al. 
Interstitial lung abnormalities at CT in the Korean National Lung 
Cancer screening program: prevalence and deep learning-based 
texture analysis. Radiology. 2023;307: e222828.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Akinori Hata1   · Masahiro Yanagawa1   · Tomo Miyata2 · Yu Hiraoka1 · Motohiro Shirae1 · Keisuke Ninomiya1 · 
Shuhei Doi1 · Kazuki Yamagata1 · Yuriko Yoshida1 · Noriko Kikuchi1 · Ryo Ogawa3 · Hiroto Hatabu4   · 
Noriyuki Tomiyama1 

 *	 Akinori Hata 
	 a-hata@radiol.med.osaka-u.ac.jp

	 Masahiro Yanagawa 
	 m-yanagawa@radiol.med.osaka-u.ac.jp

	 Tomo Miyata 
	 t-miyata@radiol.med.osaka-u.ac.jp

	 Yu Hiraoka 
	 y-hiraoka@radiol.med.osaka-u.ac.jp

	 Motohiro Shirae 
	 m-shirae@radiol.med.osaka-u.ac.jp

	 Keisuke Ninomiya 
	 k-ninomiya@radiol.med.osaka-u.ac.jp

	 Shuhei Doi 
	 s-doi@radiol.med.osaka-u.ac.jp

	 Kazuki Yamagata 
	 k-yamagata@radiol.med.osaka-u.ac.jp

	 Yuriko Yoshida 
	 y-yoshida@radiol.med.osaka-u.ac.jp

	 Noriko Kikuchi 
	 n-kikuchi@radiol.med.osaka-u.ac.jp

	 Ryo Ogawa 
	 r-ogawa@radiol.med.osaka-u.ac.jp

	 Hiroto Hatabu 
	 hhatabu@partners.org

	 Noriyuki Tomiyama 
	 tomiyama@radiol.med.osaka-u.ac.jp

1	 Department of Diagnostic and Interventional Radiology, 
Graduate School of Medicine, Osaka University, 2‑2 
Yamadaoka, Suita, Osaka 5650871, Japan

2	 Department of Radiology, Sakai City Medical Center, 1‑1‑1 
Ebaraji‑cho, Nishi‑ku, Sakai, Osaka 5938304, Japan

3	 Future Diagnostic Radiology, Graduate School of Medicine, 
Osaka University, 2‑2 Yamadaoka, Suita, Osaka 5650871, 
Japan

4	 Center for Pulmonary Functional Imaging, Department 
of Radiology, Brigham and Women’s Hospital and Harvard 
Medical School, 75 Francis Street, Boston, MA 02115, USA

https://doi.org/10.1097/NCC.0000000000001205
http://orcid.org/0000-0003-1149-7094
http://orcid.org/0000-0002-0911-6769
http://orcid.org/0000-0003-1436-2988
http://orcid.org/0000-0001-9918-7327

	Association between interstitial lung abnormality and mortality in patients with esophageal cancer
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	CT image acquisition and evaluation for ILA
	Causes of death and treatment complications
	Statistical analysis

	Results
	Demographic characteristics and interobserver agreement
	Survival
	Causes of death and treatment complications

	Discussion
	Acknowledgements 
	References


